Abstract. The polymerase chain reaction (PCR) was evaluated for its usefulness as a diagnostic tool to detect Lawsonia (ileal symbiont) intracellularis. Porcine ilea were collected from swine cases submitted to the Iowa State University Veterinary Diagnostic Laboratory between December 1, 1994, and June 30, 1995. Sampling was random, with no regard to health status. There were 621 ileum scrapings evaluated using the PCR technique. Thirty-five of the samples were positive, either by PCR or conventional diagnostic methods such as histology and Warthin-Starry silver stain. These 35 samples were further evaluated by Warthin-Starry silver stain and indirect immunofluorescent antibody test (IFAT) to confirm the presence of L. intracellularis in the tissue sections. Of the 26 samples positive by PCR, 22 were positive by IFAT. Sixteen of the 22 were also positive when stained with Warthin-Starry and evaluated microscopically for typical bacteria. Nine of the original samples were negative by all 3 techniques. PCR appears more sensitive and specific for L. intracellularis detection than Warthin-Starry stain and IFAT. This study provides evidence that PCR may be useful as a reference standard for the detection of L. intracellularis. PCR may be an appropriate monitoring tool for swine herds because it is a rapid procedure that could be applied to batch testing. Although the test is currently too laborious and expensive for routine diagnostic use, there may be situations in which it is justified because of the advantages of greater sensitivity and specificity.
Porcine proliferative enteritis (PPE) is a transmissible enteric disease of swine. It generally occurs in pigs between 6 and 20 weeks of age and was first recognized in 1931. 9, 10 The clinical signs of PPE are variable. Acute death, diarrhea, and chronic weight loss are common in affected animals, but infected animals do not always show clinical signs. Animals with mild clinical signs sometimes recover without treatment. 2 At necropsy, the lesions of PPE are often characteristic but not pathognomonic. Typically, gross lesions associated with PPE include dilated and turgid intestines with corrugated folding. Hemorrhage may or may not be present. The intestinal mucosa is hypertrophied with deep transverse folds. 11 Histologically, mucosal intestinal crypts are elongated, enlarged, and lined by hypertrophic epithelial cells. Epithelial cell proliferation results in mucosal thickening of the ileum, jejunum, and large intestine. There is hyperplasia of crypt enterocytes with numerous mitotic figures and an absence or decreased number of goblet cells. In the apical cytoplasm of the hypertrophic enterocytes, small, curved, rod-shaped intracellular bacteria can be observed with appropriate staining. 2, 10, 11 Some studies have shown a significant statistical correlation between lesions of PPE and presence of Lawsonia (ileal symbiont) intracellularis. 4 The disease that results from L. intracellularis infection can affect pigs at any stage of production. However, the major impact occurs during the nursery and growing stages. The economic losses from PPE range from pig mortality to impaired feed conversion and rate of gain. The variable weight gain, a common manifestation of this syndrome, makes all-in-all-out production schemes less achievable for producers of all sizes and often results in culling a high percentage of animals from large production units. The prevalence and financial impact of the disease has not been well documented, partially because of the lack of a valid antemortem diagnostic test to assess the presence of the bacterium and confirm a diagnosis. 5, 10 Lawsonia intracellularis is an obligate intracellular bacterium that requires cell culture for growth. 6 The inability of this microorganism to grow on artificial medium presents a challenge for diagnosticians when attempting to confirm its presence. Pathologic changes and observation of the organism in sections of fixed tissue are the conventional criteria used in the diagnosis of L. intracellularis infection. The primary detection method for L. intracellularis in tissue sections is the Warthin-Starry silver stain. With this technique, L. intracellularis appears as a dark, curved organism in the apical cytoplasm of the enterocytes. This stain, however, does not confirm the identity of L. intracel- 
lularis or differentiate it from Campylobacter species or other curved rods.
The polymerase chain reaction (PCR) is used to identify a specific genetic sequence, particularly useful for the detection of organisms that are difficult or impossible to grow on conventional media. 5 Testing of fecal and mucosal material by PCR is a rapid and sensitive method for detecting L. intracellularis in swine. 2, 5 PCR has been used for the detection of the intracellular bacteria associated with proliferative enteropathy. 8 Instead of relying on lesions and nonspecific stains, PCR may set the standard to definitively diagnose the presence of L. intracellularis. The PCR test could facilitate monitoring for L. intracellularis in swine populations and help evaluate the efficacy of treatment and management systems.
The goal of this study was to evaluate PCR as a diagnostic technique to detect L. intracellularis in porcine intestinal specimens submitted to the Iowa State University Veterinary Diagnostic Laboratory. This information also provides a rough estimate of the distribution of ages of pigs positive for L. intracellularis in a random sampling.
Materials and methods
Experimental design. Porcine ileal scrapings (621) were collected at the Iowa State University Veterinary Diagnostic Laboratory (ISU VDL) between December 1, 1994, and June 30, 1995 and were evaluated for L. intracellularis using the PCR assay. Sample selection was all inclusive and was not limited to pigs with gross lesions of proliferative enteritis. The ilea were obtained from pigs of all ages with a multiplicity of histories, clinical signs, and lesions. Ileal mucosa scrapings were obtained and frozen at Ϫ70 C until they could be evaluated by PCR. Portions of each ileum were fixed in 10% neutral buffered formalin to be sectioned for histopathologic examination.
PCR. DNA was extracted from the mucosa samples using a commercial guanidine thiocyanate nucleic acid extraction kit. a The extracted DNA was subjected to PCR using commercially available reagents b and following the protocol previously described. 5 The primers used, 5Ј-TATGGCTGT-CAAACACTCCG-3Ј and 5Ј-TGAAGGTATTGGTATTCTCC-3Ј, for the organism were the same as previously described. 5 Cycle parameters for the first thermocycle were 93 C for 5 min, 55 C for 45 sec, and 72 C for 45 sec. Thirty-three additional cycles were performed as follows: 93 C for 45 sec, 55 C for 45 sec, and 72 C for 45 sec. The final cycle was conducted at 93 C for 45 sec, 55 C for 45 sec, and 72 C for 2 min. The PCR products were evaluated by electrophoresis on a 4% agarose gel. The DNA was stained by ethidium bromide and visualized under ultraviolet light. Positive L. intracellularis samples yielded a 319-bp band. 5 Amplification of the primary PCR product, the result of 1 35-cycle amplification process, was performed on 3 samples because the indirect immunofluorescent antibody test (IFAT) result was clearly positive but the result of the initial PCR amplification was negative.
Histopathology. Formalin-fixed ileum sections from PCRpositive samples were evaluated histologically at the ISU VDL. Four slides were made from each section. One slide was stained with hematoxylin and eosin (HE), and the second slide was stained with Warthin-Starry stain. The HEstained slides were evaluated for lesions, and the WarthinStarry-stained slides were designated as either positive or negative for the presence of curved rods in the apical cytoplasm of crypt enterocytes. The third slide was used for IFAT, and the fourth slide was retained for future evaluation.
Samples that were diagnosed as PPE at the ISU VDL and that were negative by PCR were later reevaluated microscopically.
IFAT. An IFAT with mouse-derived monoclonal IgG specific for L. intracellularis was used as described previously. 7 The slides were evaluated with a fluorescent microscope for the presence of curved intracellular organisms in the crypt enterocytes. The slides were scored as either positive or negative on the basis of fluorescing bacteria.
Clinical histories. Histories were obtained on all PCRpositive samples. A case search for diagnosed PPE cases was done on all ISU VDL cases to avoid missing false-negative PCR samples. Ages, weights, and pathologic findings were recorded. The ages and weights were classified into 5 categories: neonate, nursery, grower-finisher, mature, and no information given (Table 1) .
Results
Twenty-six samples from the 621 ileal scrapings were positive for L. intracellularis by PCR ( Table 2) . Three of these samples were positive on amplification of the primary PCR product. Secondary amplification was done on these 3 samples because of strongly positive IFAT results. The PCR product is a 319-bp band on the agarose gel (Fig. 1) . Warthin-Starry stains re- vealed organisms characteristic of L. intracellularis on 16 of the 26 PCR-positive samples using histological sections. The IFAT revealed organisms stained with the monoclonal antibody specific for L. intracellularis on those 16 and on 6 additional sections in the group of 26. The remaining 4 samples were positive by PCR and negative by both Warthin-Starry and fluorescent antibody stains. Demonstration of the organism was necessary for a histopathologic result to be interpreted as a PPE-positive sample. Although proliferative lesions may be characteristic, they are not pathognomonic; therefore, a proliferative lesion without the organism present does not constitute a diagnosis of L. intracellularis infection.
The remaining 595 samples were negative by PCR; if the history or ISU VDL diagnosis was suggestive of PPE, histology slides were reexamined. Nine ilea in addition to the 26 identified above had demonstrated proliferative microscopic lesions and were diagnosed as PPE based on these lesions. However, because no organisms were found by Warthin-Starry or fluorescent antibody stains, these samples were considered to be negative for L. intracellularis.
There were no other consistent pathologic or bacteriologic findings among these 26 cases. Postmortem diagnoses were variable, from pneumonia to PPE. The age distribution was also varied (Table 3 ). One positive sample was detected in the neonate age category. This sample was from a 2-week-old pig.
Discussion
There is no microbiological standard established for definitive identification of L. intracellularis. Currently, postmortem diagnosis is used. Warthin-Starry silver impregnation stains are utilized to demonstrate curved intracellular organisms accompanying proliferative lesions. PCR results for postmortem mucosal samples were compared with the results of the standard postmortem diagnostic tool, the Warthin-Starry stain, for detection of L. intracellularis to evaluate the performance of PCR on mucosa. Another method of identification is a fluorescent antibody test, but this technique has the same limitations of a 5-m tissue sample size, as does the Warthin-Starry stain. Also, the monoclonal antibody is not commercially available.
PCR appears more sensitive and specific for identification of L. intracellularis than does the WarthinStarry stain. Several factors influence the sensitivity of PCR testing. PCR may be detecting the organism prior to lesion development or when bacterial cell integrity is lost. Additionally, the PCR preparation represents a larger portion of the ileum, thus increasing the sensitivity, whereas a slide of a tissue section is representative of only a 5-m cross-section. The IFAT is specific for L. intracellularis and revealed organisms that were not detected by the Warthin-Starry stain. Because of the close correlation with traditional diagnostic techniques, PCR should be considered a useful tool for the detection of L. intracellularis in intestinal mucosa samples.
In this study, the Warthin-Starry stain failed to detect 6 of 22 (27%) samples that were IFAT positive and 10 of 26 (38%) samples that were PCR positive. Ten PCR-positive samples were not originally examined for lesions or organisms and were not clinically identified as PPE cases during the diagnostic procedure. On retrospective histological evaluation, 8 of these 10 samples had negative Warthin-Starry stain results. For the remaining 2 samples, organisms were observable by the Warthin-Starry stain. Additionally, there were 2 samples that were examined for the presence of organisms by the Warthin-Starry stain. One of these 2 samples was diagnosed positive based on the supporting lesion, and the other was diagnosed as negative. On reexamination of these 2 samples during the study, both were negative for L. intracellularis by the Warthin-Starry stain. Furthermore, there were 9 samples that were diagnosed by the pathologist as PPE on the basis of suspect gross or microscopic lesions, but there was no confirmation of organisms during the study by IFAT or PCR. These samples were negative by all 3 testing methods used in the study. Hence, an inconclusive diagnosis could result if it is based on a lesion of enteritis rather than the presence of the organism.
By utilizing an unbiased population of pigs submitted to the ISU VDL, a nonselective examination of ileal samples was done. Although the number of positive samples was small, the results indicate that various age groups harbor L. intracellularis. The organism was present in 26 of 621 (4.2%) of the ISU VDL cases included in the survey (Table 3 ). The positive pigs ranged from 2 weeks of age to mature sows, but the majority of the positive samples were from nursery and grower-finisher pigs (23/346, 6.6%). In prior unpublished studies, samples have been PCR positive for L. intracellularis in 2-week-old pigs. If the positive cases were subclinical, these results show that the organism could be detected before clinical manifestations of the syndrome occurred. The type of screening information provided by PCR analysis could lead to more timely antibiotic intervention and greater control of the infection. The importance of finding the organism in mature and neonate animals points out the possibility of postfarrow shedding with subsequent preweaning infection of the piglets. The organisms may reside in the mucosa subclinically, with clinical disease occurring when pigs are moved to the nursery or grower-finisher unit resulting in weight loss and alteration in feed efficiency.
Other field investigations have utilized PCR for fecal testing. A 3-site investigation was conducted in which PCR was used on pooled fecal samples (floor and rectal) to determine infected groups of pigs. 3 The survey was done with commercial swine herds with a history of clinical PPE in the preceding 12 months. There was a history of medicated feed usage in all groups. PCR detectable shedding in the presence and absence of clinical disease was evident among these pig groups. There was detectable shedding in 4-32% of the individually sampled pigs in the pens with positive pooled floor samples. The pens housed between 5 and 25 pigs ranging from 10 to 24 weeks of age. 3 Thus, not all exposed pigs shed the organism but the possibility of colonization is high. This study supports the theory that pooled fecal rectal samples or pen floor samples can be utilized to detect shedding of L. intracellularis.
A multiplex PCR (M-PCR) assay was evaluated for the detection of L. intracellularis, Serpulina hyodysenteriae, and Salmonella species. 1 The amplified sequences of Salmonella, invE and invA, are conserved throughout S. typhimurium, S. choleraesuis, S. derby, S. brandenburg, and S. cubana. 1 The veterinary diagnostic laboratories at the University of Nebraska-Lincoln and the University of Minnesota, livestock auction markets, and experimental pigs were the sources of specimens (mucosal scrapings and feces). The sensitivity and specificity for the multiplex assay was tested by using spiked cultures of various concentrations of bacteria. Positive and negative M-PCR results were compared with the culture and histopathology results for the 3 organisms. All of the results were correlated with those of the conventional diagnostic procedures except for 1 specimen that was M-PCR positive for a Salmonella invA sequence even though the culture was negative. 1 One advantage of the PCR test is that live organisms are not required. A multiplex PCR assay can provide the diagnostic results in a timely fashion and perhaps more economically than traditional diagnostic methods.
The impact of PPE would be better understood if fecal monitoring indicated the colonization status of L. intracellularis, but this status is difficult to determine when shedding is sporadic and when low numbers of bacteria are being shed. In some production units, L. intracellularis may be present but may never produce clinical disease. An antemortem test is desirable for detection of an organism before it causes a clinical problem.
This study provides additional evidence that PCR is a sensitive diagnostic tool for confirmation the presence of L. intracellularis from mucosal samples. The use of PCR as a monitoring and diagnostic tool can be a tremendous asset to management of PPE in swine herds; however, the application as an antemortem tool is limited at this time because PCR is considered too laborious and expensive for routine diagnostic evaluation. In selected situations, it may be justified because of a higher degree of sensitivity and specificity and because it is a rapid procedure that can be applied to batch testing of samples. PCR as a diagnostic tool to confirm the presence of L. intracellularis may be valuable to some producers. 
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